DEMOGRAPHICS
Case Title: Acute Upper Airway Obstruction Series: Laryngospasm With Resultant Negative-Pressure Pulmonary Edema Patient Name: Debbie White Case Description and Diagnosis: An obese, 36-year-old woman who was admitted to the postanesthesia care unit (PACU) 5 minutes ago after undergoing a laparoscopic cholecystectomy under general anesthesia and extubated deeply in the operating room is presented to the participant. The patient is unconscious and initially breathing easily with an oral airway in place. During observation, she exhibits a sudden increase in respiratory effort and noise with ventilation. The diagnosis of laryngospasm is made and treated, only to reveal persistent hypoxemia and negative-pressure pulmonary edema (NPPE).
Target 
CURRICULAR INFORMATION Educational Rationale
Upper airway obstruction in the PACU is not uncommon and has multiple etiologies. Recognizing presenting signs and symptoms and understanding the physiology arising from varying causes of obstruction is essential to making the correct diagnosis and correcting the problem. In this case, the learner is exposed to a common airway complication in the PACU, laryngospasm, which is further complicated by NPPE. It is important that the provider is aware of both cardiac and noncardiac causes of acute-onset perioperative pulmonary edema during the diagnostic phase to guide effective treatment and resolution. 1 Negative-pressure pulmonary edema is seen as often as 1 in 1000 patients that receive anesthesia, with most cases occurring in the postextubation period secondary to laryngospasm. 1 After relief of the upper airway obstruction, roughly 10% of patients develop clinical signs of NPPE. 2, 3 It is important to understand that certain patients, such as those with obstructive sleep apnea or nasopharyngeal abnormalities, may be at increased risk of forming acute pulmonary edema in the postextubation phase. 4Y6 As with any airway complication, prompt diagnosis and timely management are required for improved clinical outcomes. Simulation provides an opportunity for trainees to practice real-time analysis of data, formulate and execute a reasonable plan, and optimally use surrounding resources during a potentially stressful and urgent time.
ACGME Core Competencies
(1) Patient care (PC), (2) medical knowledge (MK), (3) practice-based learning and improvement (PLI), (4) interpersonal and communication skills (CS), (5) professionalism (PR), and (6) systems-based practice (SBP). iii. Low FIO 2 Vseen in high altitudes where the atmospheric pressure is low and total oxygen inhaled is less than at sea level (21%). iv. HypoventilationVrespiratory depression/arrest secondary to opioids, obesity hypoventilation syndrome, and residual neuromuscular blockade. v. Diffusion abnormalityVseen in chronic obstructive pulmonary disease, interstitial lung disease, and pulmonary edema. b. The main course of action initially is to secure the airway because there is impending airway compromise in patients that are unconscious and have difficulty breathing. Ultimately, once airway is secured and adequate oxygenation is provided, the provider must diagnose and treat the underlying cause. c. Participant should be aware of the concept of V/Q mismatch and the difference between shunting and dead space. Generally, supplemental O 2 does not improve oxygen saturation in cases of shunting. d. Supplemental oxygen therapy in the PACU should be administered based on the patient's medical history, surgery performed, and current condition. The nasal cannula may be used up to 6 L/min, at which point, higher flow rates may cause discomfort to the patient because the high flows and relatively low humidity can cause mucosal patient, NPPE will resolve spontaneously. During this time, the patient should receive supportive therapy as necessary including supplemental oxygen and positive-pressure ventilation. It is important to note that this type of edema is different from the typical pulmonary edema seen in other patients (cirrhosis, renal failure, congestive heart failure, volume overloaded patients, etc). The fluid is being pulled from the intravascular volume, and therefore, the patient may actually be hypovolemic. It is for this reason that diuretics should be reserved for cases of underlying fluid overload from previous medical conditions. Steroids and epinephrine may also be treatment options. Recovery may take 12 to 48 hours if the correct diagnosis and treatment is in place. 7. Discuss how to prioritize tasks and delegate tasks in a time of crisis (PC, CS, PLI, SBP). a. The participant should be referred to the principles of crises resource management. 10 Essentially, the participant should be aware of all available resources and call for appropriate help early on in the development of the crisis. During this time, the participant should remain calm, prioritize, and delegate tasks to staff based on their abilities and skill level. Closed loop communication is a key and can help to ensure that tasks are understood and done in a timely fashion. 8. Discuss the evaluation process for intubation versus noninvasive CPAP (MK). a. Both the etiology and estimated time to recovery are important in choosing treatment of upper airway obstruction. If the condition will improve in a short period with noninvasive CPAP, then intubation is not necessary. However, if the patient meets intubation criteria by insufficient ventilation or oxygenation, for example, a more invasive approach may be needed. 9. Describe the management of a patient after crises resolution (PC, MK, PLI, CS, PR, SBP). a. The participant should acknowledge that although the crisis has resolved, the patient is still in a critical condition. Therefore, the patient should require close observation, and an appropriate discussion of disposition is warranted with the primary team and nursing staff in the PACU. In addition, the event should be clearly and concisely relayed to both groups using the SBAR technique previously described.
Learning Objectives
Simulation Performance Objectives b. Negative-pressure pulmonary edema is caused by the generation of negative intrapleural pressure when the patient inspires against an obstructed airway. This increased pressure leads to increased venous return to the right heart and increased pulmonary blood volume. Increased hydrostatic pressure along with possible increased capillary permeability ultimately results in pulmonary edema. It is important to rule out other causes of pulmonary edema such as congestive heart failure, fluid overload, cirrhosis, renal failure, and acute respiratory distress syndrome.
Didactics
None.
Assessment Instruments
None. 
SIMULATION EXERCISE Information for Participant
Case Stem to be Read to Participants An obese 36-year-old woman was admitted to the PACU 5 minutes ago after undergoing a laparoscopic cholecystectomy under general anesthesia and extubated deeply in a fast-paced operating environment. The patient is 5 ft 4 in. and weighs 215 lb (163 cm, 98 kg), with a history of cholecystitis and obstructive sleep apnea. She is otherwise healthy. You are covering the PACU, and the PACU RN caring for the patient alerts you that a new patient has arrived. The patient is yet unconscious but breathing easily. 
Information for Facilitator/Simulator Operator Only Background and Briefing Information
Participant is handed over the case of a patient that has just undergone a laparoscopic cholecystectomy and is now in the PACU. After handoff of patient care, the patient develops hypoxia, inspiratory stridor, retractions, and later minimal breath sounds.
Discussion of Scenario
In our experience with presenting this simulation scenario at UC Irvine for case discussion and high-fidelity simulation, we have found that this scenario may be easily tailored to participants of varying training levels. Although we may not advance the scenario beyond stable ventricular tachycardia for junior participants, we will progress to cardiac arrest for more senior participants. Topics for debriefing include the differential diagnosis for acute postoperative hypoxia, inspiratory stridor, increased work of breathing, and management of ventricular tachycardia and advanced cardiac life support protocols. We find it imperative that confederates clearly note the change in sound of the patient's breathing to assist in the development of the scenario. We have also found it useful to use a Yankauer suction with dilute fake mannequin blood and detergent in it to suggest pink frothy secretions from the oropharynx during suctioning to further clue the participant to the possibility of negative pulmonary edema. Laboratory values are available, should the participant request them, but given the acuity of the situation with laryngospasm, prompt action to secure the airway rather than obtain additional information is taught to be the primary focus.
